Ventricular arrhythmias have been reported to occur in 43% to 87% of patients during pulmonary artery catheterization, predominantly in patients with a hyperirritable ventricle (myocardial infarction, myocarditis, hypokalaemia, hypoxia and acidosis) 1 . However, there are few reports of arrhythmias developing during pulmonary artery monitoring. One possible reason is that physicians usually ascribe the cause of ventricular arrhythmias to the underlying disease process and overlook the catheter, especially if the initial insertion was uncomplicated. Another reason is that it is difficult to differentiate catheter-related and non-catheter-related ventricular arrhythmias.
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Since ventricular arrhythmias induced by indwelling pulmonary artery catheters mainly arise from irritation of the right ventricular infundibulum 2 , it should be possible to recognize them by the distinctive left bundle branch block (LBBB)/inferior frontal plane axis morphology, which indicates a right ventricular outflow tract origin 3 . We report the first case in which the characteristic LBBB/inferior axis morphology of ventricular arrhythmias was used to diagnose the indwelling pulmonary artery catheter as the cause of potentially life-threatening ventricular arrhythmias.
CASE HISTORY
A 44-year-old woman, without any history of preexisting disease or medication, was admitted to our intensive care unit because of a five-day history of exertional dyspnoea and orthopnoea. A chest X-ray taken four months before admission showed nothing unusual. The patient had suffered from a sore throat, dry cough, watery diarrhoea, and myalgia for one week prior to admission. There was no associated fever, chill, or chest discomfort. Physical examination showed the patient to be in acute distress. Vital signs included a blood pressure of 96/72 mmHg, heart rate of 112 beats/min, respiratory rate of 26 breaths/min and a temperature of 36.8°C. Other significant findings were consistent with congestive heart failure. The ECG showed sinus tachycardia, low voltage QRS, and right bundle branch block, but no ectopic beats. Chest X-ray showed cardiomegaly and interstitial pulmonary congestion with peribronchial cuffing. On admission, the white blood cell count was 8.9/mm 3 . The serum creatine kinase level was 268 IU/l with 10% MB fraction. Echocardiography showed a dilated and diffusely hypokinetic left ventricle (left ventricular ejection fraction 25%).
A provisional diagnosis of acute myocarditis with decompensated congestive heart failure was made and we decided to insert a pulmonary artery catheter to guide treatment. Transient ventricular premature contractions (VPCs) were noted. The follow-up chest X-ray showed the position of the catheter to be correct. Intravenous dobutamine (5 µg/kg/min), dopamine (5 µg/kg/min), nitroprusside (1 µg/kg/min), and frusemide (20 mg 6 hourly) were commenced and her condition gradually stabilized. However, frequent VPCs were noted on continuous ECG recordings. On day 2 of hospitalization, the patient suffered an episode of sustained ventricular tachycardia which lasted for one minute and converted spontaneously to sinus tachycardia. Intravenous injection of lignocaine (100 mg), followed by continuous infusion (1 mg/min) was given immediately. The Swan-Ganz tracing still showed a typical pulmonary artery configuration. The chest X-ray taken at this time showed the tip of the catheter near the right ventricular outflow tract (Figure 1 ).
An ECG taken after the X-ray showed sinus tachycardia, low voltage QRS and frequent VPCs with an LBBB morphology and an inferior axis, indicating a right ventricular outflow tract origin (Figure 2 ). On the assumption that the ventricular arrhythmias might be caused by the pulmonary artery catheter, we advanced it into the pulmonary artery. The follow-up chest X-ray again confirmed the correct positioning of the catheter. Nevertheless, frequent VPCs with the same morphology were still present. On day 3 of hospitalization, the patient experienced another episode of ventricular tachycardia with a LBBB/ inferior axis morphology (Figure 3) , which converted to sinus rhythm immediately after withdrawal of the pulmonary artery catheter into the right atrium. No further VPCs occurred. On day 4 of hospitalization, all intravenous medication was ceased, and on day 5 she was transferred to the general ward because of her greatly improved clinical condition.
Cardiac catheterization on day 15 of hospitalization showed normal left ventricular size with good contractility. The coronary arteries were patent. Virologic and endocrinologic studies were negative. The patient was discharged on day 18 of hospitalization and was asymptomatic at seven months' followup.
DISCUSSION
This case emphasizes that ventricular arrhythmias may be induced by an indwelling pulmonary artery catheter, particularly in the critically ill. The tip of the pulmonary artery catheter, which lies just beyond the pulmonary valve and slips in and out of the pulmonary artery, may cause paroxysms of severe ventricular ectopy by irritation of the right ventricular infundibulum 2 . Occasionally, even with the tip located quite distally in the pulmonary artery, the loop of the catheter may cause ectopy if it rubs on the infundibulum of the right ventricle 2 . Since a right ventricular outflow tract origin of a cardiac arrhythmia usually results in an LBBB/inferior axis morphology in 12-lead ECG 3 , it is possible to diagnose the catheter-induced ventricular arrhythmias rapidly by the characteristic ECG morphology. It was this finding that led us to remove the pulmonary artery catheter. Although ventricular tachycardia with the same morphology could also develop in patients with coronary artery disease, myocarditis, catecholamine infusion, or even normal hearts 4 , it is still justified to withdraw the pulmonary artery catheter to a central venous position whenever the characteristic arrhythmias are seen, as the catheter is a reversible cause that can be safely and rapidly eliminated. Moreover, physicians should be aware that patients with indwelling pulmonary artery catheters may suffer from catheter-induced ventricular tachycardia, especially when the "warning" ventricular ectopics with this particular morphology are seen. It is necessary to adjust the catheter to a "quiet" position or even remove it if the ventricular ectopics remain frequent.
Catheter-related ventricular ectopy may also be accompanied by a change in the Swan-Ganz tracing from one typical of pulmonary artery placement to one typical of a right ventricular configuration if the catheter tip drops back through the pulmonary valve into the right ventricle and irritates it 2 .
The chest X-ray may also be useful to identify the position of the catheter tip. Neither the chest X-ray nor the Swan-Ganz tracing are of help if the ventricular arrhythmias result from irritation of the right ventricular infundibulum by the catheter loop, with the catheter tip still in the pulmonary artery. In the present case, the Swan-Ganz tracing did not change to one typical of a right ventricular configuration, even though the chest X-ray showed the catheter tip near the right ventricular outflow tract.
